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INTRODUCTION
The factors that trigger skin aging can be intrinsic (or chronological) or extrinsic. The first correspond to a natural process and are linked to genetic factors, a shortening of the telomeres, and the action of free radicals. 1 The second correspond to photoaging, which is the effect of solar radiation on intrinsic factors. 2 The main characteristics of the aging process of skin are: the thinning of the epidermis, the decrease in the number of dermal cells, the break up of collagen fibers, 3 the reduction of precursors of collagen types I and III, the reduction in the number of fibroblasts, and the hyperplasia of the elastic tissue. 4 The skin is the largest organ of the human body and, depending on the region, has variations in its thickness. 5 The dermis is mainly composed of fibroblasts -that produce collagen types I and III, and elastic fibers -and an extracellular matrix. This layer is responsible by the tonicity, elasticity and firmness of the skin. The dermis can be divided into superior, medium, and deep (or inferior) layers, with the highest concentration of fibroblasts and collagen fibers in the superior region. 6 In order to witness the explained concepts as regards the dermis, histological techniques of staining are used. More specifically, the hematoxylin-eosin technique (HE) is the most common and routine and allows the visualization of the collagen fibers in pink, while a picrosirius red is used for more specific analyses, staining the collagen in pink and red, making it very important for the analysis of results after specific treatments, as is the case of the objective of the present study.
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OBJECTIVE
The objective of the present prospective, comparative, controlled clinical study was to examine whether there is an increase in the production of collagen fibers in the human dermis after the injection of autologous fibroblasts in the skin of the retroauricular region.
METHODS
The present study was approved by the Research Ethics Committee of the Universidade Santo Amaro (Unisa) under the protocol 030/2009. Four Caucasian, non-smoking women, between the ages of25 and 60, originally from the Brazilian State of São Paulo, who wished to undergo aesthetic treatments on the face were selected. Local anesthesia was carried out with lidocaine without a vasoconstrictor, with the am of removing skin specimens from the right retroauricular region. Two skin biopsies were performed in each woman with 5 mm punctures. One of the fragments was taken to the cell culture laboratory and the other placed in a tube containing formalin and sent for histological analysis, and served as the control-group material. The specimens were stained with HE and picrosirius (F3BA sirius red staining in picric acid saturated solution, SPLABOR, SP, Brazil) for the evaluation of collagen fibers.
Fibroblasts extraction and cultivation process
The collected fragments were washed with 1% PBS (Phosphate Buffer Solution, LGC ® , Cotia, SP, Brazil) and PS (penicillin streptomycin, LGC ® , Cotia, SP, Brazil). The fragments sent to the cell culture laboratory were transferred to the enzyme solution DPBS and EDTA (Hyqtase Hyclone ® , Logan, Utah, USA), and remained in it for four hours. Subsequently, the dermis was mechanically separated from the epidermis and hair follicles. After the removal of the epidermis, the cellular explant of the dermis was carried out. For this purpose, the fragments were transferred to 25cm 3 culture bottles and incubated for 30 minutes at 37ºC with 5% CO 2 . After this procedure, 5 ml of culture medium containing L-amino acids, Earle's salts and sodium bicarbonate (M199-LGC ® , Cotia, SP, Brazil) were added and supplemented with 10% fetal bovine serum. The material obtained was sent for cultivation at a temperature of 37°C, 5% CO 2 and humidified air. 8 The cultured cells underwent the first changes of culture medium every two days up until reaching cell expansion. After this period, the culture medium was changed every four days. When 70% of primary confluence was achieved in the primary culture, the cells were treated with 0.25% trypsin enzyme (LGC ® , Cotia, SP, Brazil), washed three times with PBS and centrifuged at 1,500 rpm for five minutes. The cell pellet was re-suspended with 1 ml of M199 and 20% of bovine fetal calf serum, and was then transferred to a 75cm 3 bottle, with this procedure being considered the first doubling passage (1dp). The expansion of the fibroblasts was performed up until the third passage (3dp). The last change of medium in 3dp (already in 70% confluence of fibroblasts) was carried out with M199 supplemented with 20% of autologous serum.
After the trypsinization phase, the cell viability was carried out, with the cell pellet being subsequently re-suspended in 4 ml of PBS and divided into 10 syringes for injection (each containing fibroblast solution immersed in 0.4ml of PBS). That process had a total duration of eight weeks, after which the phase of injection of the solution in the patients' skin took place.
After the asepsis of the left retroauricular region and other areas, topic anesthetic cream with 4% lidocaine (Dermomax ® , Lab Aché, SP, Brazil) was applied for 30 minutes, with the injection of fibroblasts (with 1ml syringes and 27G1/2 needles) being subsequently performed. One syringe was used for injection in the left retroauricular region (defined as the researched group's area), mainly in the medium and deep dermis. The remaining syringes were applied in the frontal and perioral rhytids, in the nasogenian folds, genian lips and periorbital skin, for the general treatment of the face.
Three months after the injection of fibroblasts, two fragments of the left retroauricular region (the study group area) were removed with punctures towards the tragus line, for comparison of the collagen fibers with those of the control group.
These fragments were also fixed in paraffin for the preparation of histological slides, having been stained with HE and picrosirius.
The slides prepared were used for quantifying and qualifying the collagen fibers, with the quantification performed us-Eça LPM, Pereira ISO, Pinho MAS, Odo MEY Graph 1: Individual and average profiles of the percentage of collagen fibers in the three regions of the dermis and experimental time point, and for the difference between the percentages in both periods (before and after). It is possible to notice that the mean and median observed after the application of the cells are higher than those observed before. The mean values and medians of the differences have the same magnitude in the three regions of the dermis. It is also possible to observe that the variability of the measurements (measured by the standard deviation) is greater in the inferior region.
The individual and average values of the percentages in the two experimental time points in the three regions of the dermis are represented in Graph 1. It is possible to observe that the values seen in the after experimental time point are greater than those in the before time point in all individuals, in the three regions. This result can also be seen in Graph 2, which includes representations of the individual and mean values of the percentage difference in collagen fibers in both periods (before and after).
ing photographs taken with an Axion Vision 4, 2 REL camera (Carl Zeiss ® ) coupled to an Axiolab 2.0 microscope (Carl Zeiss ® ) and analyzed by the ImageLab 2000 software. Photographs were taken for analysis of the superior, medium, and inferior dermis of the control and research slides, in order to obtain the average percentage of collagen present in the tissue before and after the infusion of fibroblasts.
Descriptive statistics (mean, standard deviation, minimum, median and maximum values) were calculated from the percentage of collagen fiber in the periods before and after the application of the cells in the three regions of the dermis.
The individualized profiles of the percentage of fiber in the regions were represented graphically. A graph was prepared with the individualized values of the percentage differential between the experimental time points (before and after).
The paired t-test (Fisher and van Belle) was used to compare the mean values of the percentage of fibers in the two periods, for each region of the dermis. An alternative unilateral hypothesis was considered (higher average in the post experimental time point as compared to the pre experimental time point). The hypothesis test was performed with a significance level of 0.05.
In the qualitative analysis, the different colors (in yellow and red for mature collagen fibers, and green for young collagen fibers) were compared between the control and research slides with photographs of these histological pieces having been obtained with the aid of an Axion Vision 4, 2 REL camera (Carl Zeiss 
RESULTS
In the third passage (3dp) an average of 10 million cells was obtained, which were separated in ten syringes containing approximately 1 million cells each, with one of them being applied into the patients' left retro-auricular region. Table 1 presents the observed values for the descriptive statistics of the percentage of collagen fibers by dermis region The paired t test showed a significant difference between the average percentage of collagen fibers in the two periods, with the mean value in the after time point being greater than that of the before time point, in the superior (p = 0.006), medium (p = 0.001) and inferior (p = 0.039) regions.
The birefringence qualitative assessment of the control and research group's dermis is presented in the form of microphotography. In the control group's images, it was possible to observe a large amount of mature collagen fibers stained in reddish yellow as compared to young fibers, which were stained in green, as shown in Figure 1 .
In the research group it was possible to observe an increase in the amount of young collagen type III fibers stained green, as shown in Figure 2 .
DISCUSSION
Skin thickness is mainly related to the layers of collagen and elastic fibers that constitute the dermis. 9 Cutaneous aging 10 causes a reduction of the skin's thickness and tone, contributing to the appearance of sagging, wrinkles, and frown lines, which are aggravated by external factors, such as solar radiation and smoking habits that accelerate the natural process of cutaneous aging. Among the many signs caused by this effect, are the reduction in the number in fibroblasts and the inhibition in the production and breakage of collagen fibers.
The superior region of the dermis has a greater amount of fibroblasts as compared to other regions and, consequently, a greater amount of collagen fibers 11 , a fact that was proved in the present study after the analysis of the control group's dermis samples.
The analysis of the three dermis layers of the control and research groups has shown that after applying fibroblasts there was an increase in the amount of collagen fibers in all regions, nevertheless the increase of these fibers in the inferior region was considerably large, promoting an amount of fibers proportional to that of the superior region.
This pattern of an increased number of collagen fibers was evidenced in all samples of the research group. According to the results of the birefringence analysis, the present study shows that the application of autologous fibroblasts promoted an increase in the amount of collagen fibers 12 in the patients' dermis, a fact that could be observed based on the increase in the number of young fibers, seen in the microphotographs of the polarized image.
The choice for the retroauricular region was due to the fact that it is less likely to be exposed to environmental effects 13 and not be aesthetically visible. Recent studies with cultured fibroblasts can identify which substances are better at stimulating the activation genes to produce collagen. 14, 15 Fibroblasts in human skin in vivo are activated when they experience trauma of any kind, with the intention of repairing the damaged wall, as it occurs in chemical peelings, [16] [17] [18] lasers, 19, 20 microneedling with fractional radiofrequency, 21, 22 focused ultrasound, 23, 24 etc. Nonetheless, the authors did not find studies that showed, from a histological point of view, the dermis' region in the untouched skin after the application of human autologous fibroblasts. Despite the fact that several studies describe the action of cultured fibroblasts in the production of collagen fibers, there are no references to those injected into human skin.
CONCLUSION
In keeping with the birefringence results, the analysis of the three layers of the dermis of the research group showed an increased amount of collagen fibers in all layers after the application of fibroblasts. 
